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@ A low-pressure mercury vapour discharge lamp having 
a very satisfactory colour rendition, (R(a,8) > 85), a colour 
temperature of 2300-3300 K and a colour point on or near 
the Planckian curve. The lamp is provided with a lumines- 
cent layer comprising: 

a_. a luminescent alkaline earth metal halophosphate 
activated by Sb 3+ and Mn J+ having a colour temperature of 
2900-5000 K; 

b. a luminescent material activated by Eu 2+ with an 
emission maximum van 470-500 nm and a half-value width 
of at most 90 nm, and 

a luminescent rare earth metal metaborate activated 
by Ce 3+ and Mn 2+ , having a fundamental lattice Ln (Mg, Zn, 
Cd) B 5 O 10 , in which Ln represents the elements Y, La and/or 
Gd, which borate has red Mn z+ emission. 

Further, the lamp Is provided with means for absorbing 
blue radiation having wavelengths below 480 nm. Prefer- 
ably, the luminescent layer further contains: 

p\ a luminescent material activated by Tb 3+ which ex- 
hibits green Tb 3+ emission. 

Besides a very satisfactory colour rendition at a low col- 
our temperature, these lamps have a high luminous fiux and 
a high maintenance of the luminous flux during their life. 
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Low-pressure mercury vapour discharge lamp. 



The invention relates to a low-pressure mercury 
vapour discharge lamp having a very satisfactory colour 
rendition, a colour temperature of the emitted white light 
in the range of 2300 to 3300 K and a colour point on or 
near the Planckian curve and provided with a gas-tight 
radiation- transparent envelope containing mercury and. rare 
gas and with a luminescent layer containing a luminescent 
halophosphate and a luminescent material activated by 
bivalent europium. 

The expression "a very satisfactory colour rendi- 
tion" is to be understood to mean in the present description 
and the appended claims that the average colour rendering 
index R(a,8) (average value of the rendering indices of* 
eight test colours as defined by the Commission Interna- 
tionale d'Eclairage: Publication CIE, No. 13.2 (TC-3.2), 
197*0 has a value of at least 85. 

The colour of visible radiation is characterized by 
the colour coordinates (x,y) determining the colour point 
in the colour triangle (see Publication CIE, No. 15 
(E-1.3«1)> 1971 )• Lamps for general illumination purposes 
should emit light which can be considered to be white • 
White radiation is found in the colour triangle at colour 
point s located on the Planckian curve . This curve , which is 
also designated as the curve of the black body radiators 
and which will be denoted hereinafter as the curve P, 
comprises the colour points of the radiation emitted by a 
completely black body at different temperatures (the so- 
called colour temperature). A given colour temperature is 
allotted not only to a given point on the curve P, but 
also to radiation having colour coordinates located on a 
line intersecting the curve P at that point (see the said 
Publication CIE, No. 15) ♦ If this radiation has a colour 
point near the curve P, this radiation, is .also considered 
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as white light having this given colour temp ratur . 
In the present description and the appended claims, the 
expression "a colour point near the curve P" is to be 
understood to mean that the distance of the colour point 

5 from the point on the curve P having the same colour tempera- 
ture is at most 20 MPCD. HP CD (Minimum Perceptible Colour 
Difference) is the unit of colour difference (see the 
Publication of J, J, Rennilson in Optical Spectra, October 
1980, page 63). 

10 A large number of embodiments of low-pressure 

mercury vapour discharge lamps which have been known for 

tens of years and are frequently used each contain a 

luminescent material cnosen from the group of the alkalin 

3+ 2+ 

earth metal halophosphates activated by Sb and Mn • 
15 These lamps have the advantage that they are inexpensive 
and emit a satisfactorily high luminous flux. A great 
disadvantage of these lamps, however, is that their colour 
rendition leaves much, to be desired. They generally have 
R(a,8) values of the order of 5° 60 and only in lamps at 
20 a high colour temperature (for example 5°00 K) is a value of 
R(a,8) of approximately 75 reached, which is not yet 
considered to be a satisfactory colour rendition. 

Lamps with which a very high colour rendition is 
reached have been known for a long time. These lamps are 
25 provided with special luminescent materials, i • a tin- 
activated red-luminescing material on the basis of 

strontium orthophosphate mostly combined with a blue— 

3+ 

emitting halophosphate activated by Sb-^ , in particular 
such a strontium halophosphate. The said strontium 

30 orthophosphate luminesces in a very wide band which extends 
into the deep red. These known lamps have the disadvantage 
inherent in the use of the said .strontium orthophosphate of 
a comparatively small luminous flux and of a poor main- 
tenance of the luminous flux during the life of the lamp. 

35 It has been found that the latter disadvantage results in 
that in practice this material can hardly be used in the 
case of a higher load by the radiation emitted by the 
mercury discharge. 
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A lamp of the kind described in the opening 
paragraph is knovn from Gernian Patent Application 
2,8^8,72$. This lamp having a very satisfactory colour 
rendition contains, like the aforementioned lamp type, a 
red-luminescing tin-activated strontium or tho phosphate and 
further a borate-phosphate activated by bivalent europium, 
which has an emission band with a maximum at approximately 
480 nm and a half-value width of approximately 85 urn. 
Preferably, a luminescent alkaline earth metal halophosphate 
is further used in the luminescent layer of this lamp* Due 
to the use of the luminescent strontium orthophosphate , 
this known lamp again has the disadvantages of a compara-* 
tively low luminous flux and in particular of a poor mainte- 
nance of the luminous flux during the life of the lamp. 
The known lamp further has the disadvantage that a very 
satisfactory colour rendition is reached only at colour 
temperature above approximately 3500 K, Embodiments of the 
known lamp at very low colour temperatures (below 3000 K) 
are not possible* 

The invention has for its object to provide 
low-pressure mercury vapour discharge lamps having a very 
satisfactory colour rendition at a low colour temperature 
of the emitted radiation whilst • avoiding or substantially 
avoiding the disadvantages of the known lamps. 

For this purpose, according to the invention, a 
low-pressure mercury vapour discharge lamp of the kind 
mentioned in the opening paragraph is characterized in 
that the luminescent layer comprises; 

a . at least one luminescent alkaline earth metal 
halophosphate activated by trivalent antimony and bivalent 
manganese, having a colour temperature of the emitted 
radiation of 2900 to 5000 K, 

b. at least one luminescent material activated by bivalent 
europium, having an emission maximum in the range of ^70 

to 500 nm and a half -value width of the emission band of at 
most 90 nm, and 

£« a luminescent rare earth metal me tab orate activated by 
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t rival ixt c ritun and bivalent manganese, having a 
mono clinic crystal structure, whose fundamental lattice 
satisfies the formula Ln(Mg, Zn, Cd) B^0 1Q , in which Ln 
represents at least one of the elements yttrium, 1 lanthanum 
5 and gadolinium and in which up to 20 mol«96 of the B can he 
replaced by Al and/or Ga, which metaborate exhibits red 
Mti^ + emission, 

and in that the lamp is provided with means for absorbing 
at least in part blue radiation having wavelengths below 
10 kSO run. 

Experiments which have led to the invention have 

surprisingly shown that a very high value for R(a, 8) can 

also be obtained with an emission which has a considerably 

narrower band than that of the known luminescent strontium 

orthophosphate, but whose emission maximum is located at 

substantially the same point. It has been found that the 

emission of rare earth metal metaborate activated by Ce^ 
2+ 

and Mn is very suitable for this purpose* This metaborat 
is known per se and is described in Dutch Patent Application 
790568O (PHN 95^*0 and 81003^6 (PHN 99^2). It has a 
fundamental lattice of mono clinic crystal structure accor- 
ding to the formule Ln(Mg, 2n,Cd)B^0^ 0 , In this formula Ln is 
at least one of the elements Y, La and Gd« In the "bo rat 
up to 20 mo I.96 of the B can be replaced by Al and/or Ga, 
which, like the choice of the elements Mg, Zn and/or Cd, 
has only little influence on the lumine scant properties * The 
Ce activator is incorporated at an Ln site (and may even 
occupy all the Lai sites) and absorbs the excitixig radiation 
energy (mainly 25** nm in a low— pressure mercury vapour 
30 discharge lamp) and transmits it to the Mn activator, which 
is incorporated at an Mg (and/or Zn and/or Cd) site. The 
borate has a very efficient emission originating from Mn 
in a band with a maximum at approximately 630 nm and a 
half— value width of approximately 80 nm. 

In order to obtain values of R(a,8) of at least 
85 j in Q- lamp according to the invention the metaborate 
(the material jc) .has to be combined with a material 
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activated "by bivalent europium with an emission maximum 
in the range of* 470 to 500 nm and a lia If -value width of 
the emission band of at most 90 nm (the material b) and 
with at least one luminescent halophosphate (the material 
a) chosen from the group of the Sb- and Mn-activated 
alkaline earth metal halophosphates . 

With combinations of the luminescent materials a, 
b and c_, lamps having a very satisfactory colour rendition 
can be manufactured for colour temperatures of approximately 
3200 K and higher. In order to obtain low to very low 
colour temperatures (down to at least 2300 K) f a lamp accor- 
ding to the invention has to be provided with means for 
absorbing at least in part blue radiation having wave- 
lengths below 480 nm. The use of such means in a low- 
pressure mercury vapour discharge lamp . provided with a 
luminescent material in all cases leads to a shift of the 
colour point of the radiation emitted by the lamp because 
the blue radiation originating from the mercury discharge 
and, as the case may be, also the blue radiation originating 
from the luminesced material are absorbed at least in part. 
This shift of the colour point due to blue absorption makes 
it possible to obtain colour temperatures in the range of 
2300 - 3300 K, with lamps according to the invention, as 
will be explained more fully hereinafter. 

An advantage of the lamps according to the 
invention is that the luminescent materials used are very 
efficient so that high luminous fluxes can.be obtained. It 
has further been found that these materials exhibit a very 
favourable lamp behaviour. This means that when provided 
in a lamp , they retain their favourable luminescent proper- 
ties and that they exhibit only a low decrease in luminous 
flux during the 1 if e of the lamp • Thi s is al s o the case with 
a comparatively high radiation load, for example in lamps 
having a small diameter, for example Zh mm.. It should be 
noted that the use of the known luminescent strontium 
or t ho phosphate — due to the strong decrease in luminous 
flux , especially at high loads — in practice mostly has 
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remained limited to lamps having* a large diameter 
(36 mm). 

It has further been found that the use in lamps 
of the said me tabor ate leads not only to very high values 
for the general colour rendering index R(a, 8), but also to 
a very satisf actory rendition of a very large number of 
individual object colours. This results in that with lamps 
according to the invention, errors in the colour rendition 
due to disruption of metamery are completely or substan- 
tially completely avoided. 

Preferably, a lamp according to the invention is 

characterized in that the luminescent material further 

contains a luminescent material activated by trivalent 

terbium (material d) which exhibits a green Tb^ + emission. 

The use of the Tb-activated luminescent materials has the 

advantage that a larger colour temperature range for the 

lamps according to the invention becomes possible. In 

general, such a material is very desirable if lamps having 

a comparatively low colour temperature (from 2300 K) with 

the said high value of R(a,8) should be obtained. 

Apart therefrom it has been found that also for higher 

colour temperatures, generally the most favourable 

results are obtained if a material with Tb emission is 

used. The Tb emission yields an additional degree of freedom, 

as a result of which optimization becomes more readily 

possible. Furthermore, the use of Tb— activated luminescent 

materials has the advantage that such green- luminescing 

materials are generally very efficient and contribute 

significantly to the luminous flux emitted by the lamp. 

As the material d use may be made, for example, of the 

known Tb-activated cerium— magnesium aluminates (see Ihitch 

Patent Specification 160,869 (PHN 660h) or cerium aluminates 

(see Butch Patent Application 7216765 (PHN 665*0, which 

aluminates have a hexagonal crystal structure related to 

magneto— plumbite . It is also very advantageous to use a 

Ce— and Tb— activated metaborate whose fundamental lattice 

2+ 

is the same as that of the metaborate s with red Mn 
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emission (the material £ ) • In tliese known borates (see. 
the afore mentioned Dutch Patent Applications 7905680 and 
81003^6) Ce and Tb are incorporated at an L*n site and the 
exciting radiation is absorbed by the cerium and transmit- 
ted to the terbium activator. The said Tb-activated 
materials all have a very favourable lamp behaviour and . 
especially a satisfactory maintenance of the high luminous 
flux during the operation of the lamps. 

A preferred embodiment of a lamp according to the 
j Q invention is characterized in that the luminescent 

metaborate £ .is further activated by trivalent . terbium, the 
me tab or ate £ being at the same time the material d , and 
satisfies the formula 

(y,La,Gd) 1 ^ g Ce f Tb g (Mg 9 Zn J Cd) 1 _ li Mn li B 5 0 10 , 
15 in which . 
0.01 ^ f g 1-g 
0-01 ^ g £ 0.75 

0.01 ^ h 0.30 and in vhich up to 20 mol.96 of the 

B can be replaced by Al and/or Ga, This lamp has the 

2+ 

20 great advantage that both the red Mn emission and the 
3+ 

green Tb^ emission are supplied by one luminescent material. 
Thus, the production of the lamps is of course simplified 
because a smaller number of luminescent materials are 

2+ 

required. In these lamps, the desired relative red Mn 
3 + 

25 and green Tb contributions can be adjusted by varying the 

concentrations of Mn and Tb in the metaborate. The value of 

the said relative contributions depends upon the desired 

colour point of the lamp, upon the luminescent materials a 

and b used and upon the extent of absorption of blue 

30 radiation. It is possible to prepare and to optimize one 

2 + 

luminescent metaborate, in which the ratio of Mn to the 
3 + 

Tb emission has a value near the average desired value 
and to carry out a correction in a given lamp application 
(depending upon the desired colour point) either with a 
35 small quantity of a red— or deeper red— luminescing metaborate 
or with a small quantity of a green— or deeper green- 
luminescing Tb-activated material* Of course, it is 
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alternatively possible to optimize two Irani n e s c nt 
metaborates, with, which lamps having any desired colour 
temperatures can be obtained by the use of suitable mixtures 
of these two materials. 

5 In a lamp according to tlie invention, the means 

3br absorbing blue radiation can be constituted by the 
radiation- transparent envelope of tlie lamp. The envelope of 
tlie knovn low— pressure mercury vapour discharge lamps 
for general illumination purposes consists of glass which 

10 transmits visible radiation and has an absorption edge at 
280-31° nm. This means that the usual glass does not 
substantially transmit ultraviolet radiation having wave- 
lengths smaller than 280-310 nm. It has been found that 
glasses having an absorption edge at approximately k30—k70 

15 nm can be advantageously used for the glass envelop of 
lamps according to the invention. These yellow-coloured 
filter glasses, whose absorption properties can be 
influenced within certain limits by means of the glass 
composition, are known per se .. It is also possible to use the 

20 conventional glass as lamp envelope for lamps according to 
the invention, in which event the absorption properties are 
obtained by providing a suitable lacquer layer on the 
envelope. 

In an advantageous embodiment of a lamp according 
25 to the invention, the means for absorbing blue radiation 
are constituted by a yellow pigment. The use of yellow 
pigments in low— pressure mercury vapour discharge lamps 
is known per se, A very suitable pigment is the known nickel 
titanate (titanium dioxide containing small quantities of 

30 nickel oxide) . The desired absorption properties of such a 
p igment can be adjusted by mixing this pigment with a white 
substance (for example barium sulphate) . These pigments have 
the advantage that they generally are satisfactorily 
resistent to the mercury discharge. 

35 The yellow pigment can be mixed with the 

luminescent materials of the luminescent layer. This has the 
advantage that the lamp can be manufactured in a simple 
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manner because the luminescent mat rials can be provided 
in the lamp together with the pigment in one processing 
step. 

It is alternatively possible to provide the 
pigment on the inner side of the lamp envelope as an 
absorption layer on which the luminescent layer is applied 
on the side racing the discharge. Such a double layer has 
the advantage that higher relative luminous fluxes can 
generally be obtained with the lamp. 

A lamp according to the invention is to be 
preferred which is characterized in that the means for 
absorbing blue radiation are constituted by a luminescent 
aluminate activated by trivalent cerium having a garnet 
crystal structure according to the formula 

M 3-3 Ce 3 A:L 5-K~P Ga Ts. Sc P 0 iz> 

in which M is at least one of the elements yttrium, 
gadolinium, lanthanum and lutetium and in which 

0.01 ^ i < 0.15 . 

0 ^ k ^ 3 

° $T P < 1 ♦ 
The said garnet is a luminescent material known 

per se (see, for example, AppL Phys. Letters, 53, 

(1967) and J. O.S.A., j3£, No. 1, 60, 1969), which absorbs 

besides short— wave ultraviolet radiation especially also 

radiation having wavelengths between approximately h 00 

and 480 nm. The emission of this garnet consists of a . 

wide band (half -value width approximately 110 nm) with a 

maximum at approximately 56Q nm. The use of this 

luminescent garnet in lamps according to the invention, as 

means for absorbing blue radiation has the great advantage 

that the absorbed radiation is not lost, but is converted 

into useful radiation with a high efficiency. Consequently, 

high luminous fluxes can be obtained. As appears from the 

aforementioned formula and conditions, as cation M one 

or more of the elements Y, Gd, La and Lu can. be used in 

the garnet and the aluminium can be replaced within the 

aforementioned limits in part by gallium and/or scandium. 
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Tlie Ce activator replaces part of the M and is present 
in a concentration of 0*01 to 0.1 5* Ce contents lover than 
the said lower limit in fact lead to materials having an 
insufficient blue absorption. The Ce content is chosen to 
be not larger than 0.15 because with such high contents th 
garnet is not formed to a sufficient extent and undesired 
subphases are obtained* 

Preferably, such a lamp according to the inven- 
tion is characterized in that M in the garnet is yttrium 
and in that the garnet does not contain Ga and Sc 
(k = p = 0) • Such materials in fact have the most favourable 
absorption properties and yield the highest luminous fluxes. 

In an advantageous embodiment of a lamp 

3+ 

according to the invention, the garnet activated by Ce is 

mixed with the remaining luminescent materials of the 

luminescent layer. In fact such a lamp can be manufactured 

in a simple manner because the absorption means can be 

provided in the lamp together with the luminescent layer 

in one processing step. 

In another embodiment of a lamp according to the 

3+ 

invention, the garnet activated by Ce is provided on the 
inner side of the lamp envelope as an absorption layer, 
on which the luminescent layer is disposed on the side 
facing the discharge. Especially at very low colour 
temperatures, higher luminous fluxes can be obtained with 
such lamps than in the case of the use of a mixture of the 
luminescent materials and the garnet. 

A very advantageous embodiment of a lamp 
according to the invention is characterized in that 
material b is a luminescent alumina te activated by 
bivalent europium corresponding to the formula 

Sr „ Ca Eu Al n , 

1-q-r q r s l-5-s+l * 

in which 

0 £ q 0.25, 
0.001 ?S r <c; 0.10 and 

which alumina te has its emission maximum at 485-495 nm 
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and lias a half-value width of 55-75 colour point 

of the radiation emitted by such an aluminate has the 
coordinates x = 0.152 and y = O.36O. The said luminescent 
strontium aluminates are described more fully in Dutch 
Patent Application 82019^3 ( PHN 10347)* They fully satisfy , 
the imposed condition of an emission having' a comparatively 
narrow band with a maximum in the range of 470 to 500 nm. 
Furthermore, these materials luminesce very efficiently 
and can be subjected for a long time to high loads in 
lamps and then exhibit only a very small decrease in 
luminous flux. 

Another favourable embodiment of a lamp 
according to the invention is characterized in that the 
material b is a luminescent aluminate activated by bivalent 
europium corresponding to the formula 

Ba 1-t-r Sr t Eu r Al s°lls + 1'. 

in which 

0 £ t <: 0.25, 

0 . 005 < r < 0.25 and 
5$.s ^ 1.0, 

which aluminate has its emission maximum at 47 5—485 nm and 

has a half-value width of 7O-9O nm. The colour point of the 

radiation emitted by such a barium aluminate has the 

coordinates x = 0.161 and y = 0.242. These luminescent 

barium aluminates are described more fully in Butch Patent 

Application 8105739 (PHN 10220). These aluminates also 

fully satisfy the condition of an emission having a 

comparatively narrow band with a maximum in the range of 

24.7O-5OO nm. These materials are very efficiently 

luminescing materials which have a high maintenance of the 

luminous flux during the life of the lamp and can be 

subjected to high loads in lamps. 

A still further advantageous embodiment of a lamp 

according to the invention is characterized in that the 

material b is a luminescent; borate phosphate, activated by 

bivalent europium corresponding to the formula 

mfSr, Ba Ca Eu ) 0 . ( 1 -n^P^O- .n(B o 0 o ) , in which 

v 1-v-w-z v w z ' x -25 2 3 
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O < v 0.5 

O ^ w ^ 0.2 
O.OOl^ z < O. 15 
1.75 m ^ 2.30 

0.05^ n ^ 0.23, which borate phosphate lias its emission 
maximum at ^70-485 nm and lias a half-value widtiL of 8O-9O 
run. The colour point of tlie radiation emitted by sucli a 
"borate ph.osph.ate lias the coordinates x = 0.191 and y = 
O.3O8* These luminescent borate phosphates are lcnovii from 
tlie aforementioned German Patent Application 2848726. They 
have a tetragonal crystal structure and prove to be 
efficiently luminescing materials having an emission 
which is very suitable for lamps according to the invention. 

Embodiments of lamps according to tlie invention 
will now be described more fully with reference to the 
drawings • 

In the drawings, 

Figure 1 shows diagrammatic ally and in sectional 
view a low— pressure mercury, vapour discharge lamp 
according to the invention, 

In Figure 1, reference numeral 1 denotes the glass 
wall of the low— pressure mercury vapour discharge lamp. 
At tlie ends of tbe lamp are arranged electrodes 2 and 3 
between which. th.e discharge takes place during operation 
of the lamp. The lamp is provided with rare gas which 
serves as ignition gas and further with a small quaTitity of 
mercury. The lamp has a length, of 120 cm and an inner 
diameter of 24 mm and is intended to consume during 
operation a power of 36 V. The wall 1 is coated on the 
inner side with, a luminescent layer h which comprises tbe 
luminescent materials a, b, and, optionally d. 
The layer h further comprises means for absorbing blue 
radiation in the form of a quantity of garnet mixed with 
the luminescent materials. The layer h can be provided on 
the wall 1 in a conventional manner, for example, by means 
of a suspension comprising the luminescent materials. 

For further explanation reference is now made to 
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Figure 2 of the drawings. In this Figure, a part of the 
colour triangle is represented in the (x,y) colour 
coordinate plane. The x coordinate is plotted on the 
abscissa and the y coordinate of the colour point is 
plotted on the ordinate • Of the sides of the colour 
triangle itself, on which the colour points: of mono- 
chromatic radiation are* located, only the part indicated 
by M is visible in Figure 2. The Figure shows the 
Planckian curve designated by P, Colour points of constant 
colour temperature are located on lines intersecting the 
curve P, A number of these lines are drawn and indicated 
by the associated colour temperature; 2300 K, 2500 K, ,,, 
5000 K, In Figure 2, numerals and letters further 
designate the colour point of a number of lamps and 
luminescent materials , In the present description and 
the appended claims, the expression "colour point of a 
luminescent material" is to be understood to mean the 
colour point of a low-pressure mercury vapour discharge 
lamp which has a length of approximately 120 cm and an 
inner diameter of approximately Zh mm and is operated with 
a consumed power of 36 V, which lamp is provided with a 
luminescent layer which only comprises the said luminescent 
material, the layer thickness being chosen to have an 
optimum value with regard to the relative luminous flux. 
Therefore, with the colour points of luminescent materials, 
the influence of the visible radiation emitted by a low- 
pressure mercury vapour discharge itself is invariably 
taken into account. It should be noted that the value of 
the luminous efficiency of the luminescent material as yet 
has a slight influence on the location of the colour 
point. The use of the luminescent materials in other low- 
pressure mercury vapour discharge lamps than the said 36 
V-type will generally yield only a very small shift of the 
colour points with respect to those shown here. 

In Figure 2 reference numeral 70 denotes the 
colour point of a red-luminescing Ce- and Mn— activated 
metaborate having the colour coordinates (x;y) = 
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(0.5A5; .0.308). Reference numeral 90 denotes tlie colour 
point of a green-luminescing' Ce— and Tb— activated me tab ora- 
te (colour coordinates x = O.323 and y = 0.537) • The 
points designated "by reference numerals k0 9 50 and 60 are 
tlie colour points of tliree 1 limine s c ent materials activat d 
by bivalent europium with, an emission maximum between 
470 and 500 run. Trie graph, of Figure 2 further includes the 
colour points of a number of conventional calcium halophos- 
phates emitting white light and having different colour 
temperatures (the points 10, 20 and 3° having colour 
temperatures of 29*f5, 3565 and V335 K f respectively). Other 
colour temperatures are possible by variation in the SbsMn 
ratio, but also by the use of mixtures of halopho sphates • 

If a given luminescent material is used in a lamp 
together with, a means for absorbing bine radiation, the 
colour point of the emitted radiation performs a shift due 
to the blue absorption* In Pig. 2, this shift is shown for 

the luminescent materials indicated above when use is made 

3+ 

of an yttrium aluminium garnet activated by Ce 
corresponding to the formula C;^ e o 1*^5^12 as * >llie 
absorbing means. This garnet is provided in the lamp as an 
absorption layer on the inner wall of the lamp envelope. 
The luminescent layer comprising the relevant luminescent 
material is applied to this absorption layer at the surface 
facing the discharge » "With the use of the luminescent 
garnet, the colour point of the lamp is shifted not only 
due to absorption, but also due to the contribution of 
the garnet emission to the emitted radiation. The value of 
the shift depends not only upon the specific composition 
of the relevant garnet ? but of course also upon the 
thickness of the absorption layer. A measure for the ab- 
sorption of the aforementioned garnet with a given layer 
thickness can be found in the influence exerted by the 
absorption layer on the colour point of white halopho sphat e • 
(colour temperature ^335 point 30 in Fig. 2). In the 
following Table 1 , the colour points are given of lamps 
comprising this halopho sphate and absorption layers of the 
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said garnet with different layer thicknesses. The layer 
thickness is given in gms per lamp (36 W-type, length 
120 cm, diameter 24mm), 

. TABLE X 

colour point x y layer thickness garnet in 

gms per lamp 



30 


0*368 


0.379 


0 


31 


0.387 


0.408 


0.36 


32 


0.397 


0.424 


0.60 


33 


0.4o6 


0.438 


0.84 


3* 


0.414 


0.^51 


1.08 



In the first column of Table 1 , under the heading 
"Colour point" the reference numeral of Fig #i 2 is 
indicated which denotes the colour point in the colour 
triangle. In Fig. 2, the points 30, 31, 32, 33 and 34 are 
interconnected by a line, which clearly indicates the shift. 
Of the remaining aforementioned luminescent materials, whose 
colour point is indicated in Fig* 2, the shift of the colour 
point is also shown with the use of an absorption layer of 
the same garnet with the same layer thicknesses (0.36 • «• 
1.08 g per lamp). These points are also interconnected by 
a line for each luminescent material (see 20, 21, 22, 23* 24 
and further 10-14, 40*44, 50-54, 60-64, 70-74 .and 90-94). 

With the use of two luminescent materials in a 
lamp, all the colour points can be reached which are 
located on the connection line of the colour points of the 
two materials chosen. By way of example,, in Fig. 2 the 
connection line K of the colour points 70 (red- luminescing 
Ce- and Mn-activated metaborate) and 90 (green- luminescing 
Ce- and Tb-activated metaborate) is shown. The location 
of the colour point on the line K of lamps provided with 
only the materials 70 and 90 is invariably determined by 
the relative quantum contributions of the materials 70 and 
90 to the radiation emitted by the lamp. The distance of 
the colour point of the lamp (for example the point 80 ) to 
the point 70 divided by the distance between the points 70 
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and 90 ±s in fact proportional to the relative quantum 
contribution of tne material 90 and to tne relative 
luminous flux (im/w) produced by tne material 90 if it is 
provided in tne lamp as tlie only luminescent material and 
5 further inversely proportional to the y coordinate of the 
colour point of the material 90. An analogous relation 
applies to the distance of the colour point 80 to the point 
90. With the use of given materials 70 and 90 (for which 
consequently the relative luminous flux and the y coordinate 
10 are fixed) therefore only the relative quantum contributions 
determine the colour point of the lamp* For these materials 
70 and 90, the required relative quantum contributions 
are then known if a certain colour point of the lamp is 
desired. These quantum contributions are in the first 
15 instance a measure of the quantities of the materials 70 
and 90 to be used. When determining these quantities, the 
quantum efficiency and the absorption of exciting radiation 
of the materials 70 and 90 and further factors, such as, for 
example, the grain size of the materials used, should be 
20 taken into account. In general, it will be desirable to 
check on a few test lamps whether or not the desired 
relative quantum contributions are attained with a 
particular choice of the quantities of the luminescent 
materials. In Fig. 2, the shift of the colour point 80 of 
25 a given mixture of the materials 70 and 90 is indicated 
if absorbing layers of the aforementioned garnet are used 
in layer thicknesses as stated in Table 1 . With a layer 
thickness of, for example, 0.84 g per lamp, the point 83 is 
attained. By variation in the relative quantum contributions 
3° of the red— luminescing and the green— luminescing materials, 
all the colour points on the connection line Xr of the points 
73 and 93 can be obtained. 

In Fig. 2, for illustration, the colour point u 
of a lamp according to the invention is indicated, which lamp 
35 has a colour temperature of 2660 K and a colour point x = 
0.462 and y = 0 m k09 (substantially on the curve P) . It 
appears from the location of the colour point u with respect 
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to tlie points 70 and 90 of the metaborates, the points 10, 

20 and 30 of tlie halophosphates and the points 40, 50 and 

2+ 

60 of the materials activated by Eu that the lamp u 
cannot be manufactured with these luminescent materials if 
no absorption means are utilized. However 9 this lamp can be 
obtained with, for example, an absorption layer of the 
aforementioned garnet of 0.84 g per lamp and a combination 
of the luminescent materials mentioned above in connection 
with the colour points 10, 40,* 70 and 90 in Fig 1 , 2. Due to 
the absorption layer, the colour points of these materials 
are shifted to 13, 43, 73 and 93, respectively. If no 
green- luminescing material (colour point 93) is used, the 
relative quantum contributions of 13 and 43 are fixed. These 

contributions in fact have then to be chosen so that the 
colour point uj_ is reached, u^ being located on the 
connection line of 73 with u.. By a suitable choice of the 
relative quantum contributions of 73 axidi of the. 
combination u 1 the colour point u is reached. If as the 
fourth constituent the green— luminescing terbium— activated 
material is added to the luminescent layer, it is found 
that the ratio of the relative quantum contributions of 
93 and 73 (93=73) is determined by the chosen ratio of 
the relative quantum contributions of 43 and 13 (43:13)« 
According as the ratio 43 i 13 is larger, the ratio 93 * 
73 also becomes larger in such a manner that the colour 
point obtained with 93 and. 73 lies on the connection 
line of the colour point obtained with 43 and 13 and the 
point u. The largest ratio of 93 : 73 with which it is 
possible to reach the colour point u is indicated in 
Figure 2 by the point a. In this case, however, the 
luminescent layer does not contain any halophosphat e • 
Although with all the ratios 93 : 73 with colour points 
between the points 73 and a and located on the connection 
line L, the colour point u can be obtained by combination 
with U3 and 13, in general not every combination will lead 
to a lamp with an R(a,8) value of at least 85 • Especially 
in those cases in which the contribution of the halo- 



10 



0124175 

PHN 10662 18 20.2.1934 

phosphate is zero or very small., the lamp will not 
satisfy tlie requirements imposed. The range of 93 : 73 
ratios with which lamps according to tlie invention are 
obtained can "be determined with reference to a fev test 
lamps. It lias been found, for example, that tlie point" b 
yields for tlie combination of 93 and 73 a lamp having a 
colour point u having an R ( a , 8 ) value of 95. The presence 
of such a range between 73 and a offers the advantage 
that optimization of the lamp is quite possible. 

For further illustration, data are now given of 
nine series of lamps according to the invention, which are 
all of the 36 W-type described with reference to Fig. 1 and 
in which invariably use is made of an absorption layer 
disposed on the inner wall of the lamp envelope and 
consisting of the aforementioned garnet Y 0 n Ce n -Al e 0 <0 . 
The luminescent layer disposed on the absorption layer 
comprises a mixture of luminescent materials chosen from 
the group of materials indicated in Table 2. Table 2 
gives for each material a number by which the material 
will further be indicated, the formula, the colour 
coordinates x and y of the relevant material and the 
relative luminous flux -3^ (in lumen/v) obtained if the 
material (as the only luminescent material) is provided 

in lamps of the 36 V— type . Numbers 400, 500 and 600 are 

25 2+ 

blue— luminescing materials activated by Eu 5 numbers IOO, 

200 and 300 are luminescent halophosphates; numbers 701 to 

708 inclusive are Ce- , Tb- and Mn-activated me tab orates 

and number 700 is a Ce— and Mn-activated metaborate. 

30 
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20 



35 
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For each of tlie said nine series of* lamps, there 
is indicated hereinafter in Tables 3 to 1 1 inclusive which 
values of R(a,8) are reached. In the heading of each 
Table, the colour temperature T c and the colour co-ordinates 
x and y of the relevant lamps are indicated. Furthermore, 

it is indicated therein which blue-luminescing material 

2+ / \ 

activated by Eu and which halophos phate (from Table 2) 

are used. The vertical columns relate to the luminescent 

metaborate (indicated by the number from Table 2) which 

is used in the lamp. The horizontal lines in the Tables 

each relate" to a given layer thickness of the garnet 

absorption layer (expressed in g per lamp). If for a given 

combination of garnet layer thickness and luminescent 

metaborate no value for R(a,8) is indicated in the Tables, 

this means that the relevant lamp with a value R(a,8) of 

at least 85 could not be obtained. By way of example, in 

both Tables 3 and 7 for a given combination of the 

luminescent materials there is indicated in the Tables which 

results are attained if the garnet absorption layer is 

replaced by an absorption layer of the yellow pigment nickel 

titanate. In general it has been found that a slightly 

higher R(a,8) value is possible, but at the expense of the 

relative luminous flux. 
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Table 3 

Lamps with T = 2660 K x = 0.U62 y = 0.UQ9 
With lum. materials nos# 400 and 100 
Values of R(a ? 8) 

layer thickness 

garnet luminescent metaborate. no • 

(< 



pei" lamp) 


708 


707 706 


705 


ioh 


703 


702 


701 


700 


0.36 


87 
















0.U2 


88 
















0.48 




86 














0.54 




91* 














0.60 




90 87 














0.66 




92 


89 


87 


85 








0.72 




9k 




92 


90 


89 


87 




O.78 




89 




95 


9h 


94 


91 




0.84 






90 


93 


9k 


95 


95 


88 


O.90 








88 . 


92 


92 


94 


92 


O.96 










87 


88 


92 


95 


1 .02 














87 


9h 


1 .08 
















92 


1.14 
















89 


1 .20 
















85 



Relative luminous flux 6k lumen/V, 

If with, the same combination of 1 luminescent materials 

(kOO, 100 and 707), ttLe garnet layer is replaced by a nick- 

2 ' 

el titanate absorption layer (thickness 0*115 mg/cm ), a 
relative luminous flux of 58 lm/¥ and an R(a f 8) value of 93 
is found. 
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Table 4 

Lamps vith T = 2660 K x = 0.462 y ±= 0.409. 
c 

With, lum. materials nos. 400 and 200 
Values or R(a,8). 



S . 

layer tni clc- _ , , , . 

% , liiimnescent metaborate no. 

ness garnet 

(g per lamp) 708 807 706 705 704 703 702 701 700 
0.42 87 

0.54 

0.60 91 
0.66 85 
O.72 92 87 

15 Q.78 92 93 

0.84 92 

0.90 86 91 94 94 95 86 

O.96 89 90 94 91 

1-02 89 93 

20 1 *08 93 

1.14 90 
1.20 87 



90 


87 


86 




95 


93 


93 


89 


91 


9h 




95 




89 


90 


9h 








89 



25 



30 



35 
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10 



15 



20 



25 



Tabl 5 

Lamps with T = 2660 K x = 0.462 y = 0.409. 
c 

With lum. materials nos, 400 and 300 
Values of R(a,8) 

layer thick- luminescent me tab orate no. 

ness garnet 

(g per lamp) 708 707 

0.78 
0.84 
0.90 
O.96 
1 .02 
1 .08 

1*1^ .93 
1.20 89 

Table 6 

Lamps with T c = 2930 K x = 0.439 Y = 0.400. . 

"With. lum. materials nos. 400 and 100 
Values of R(a,8) 

layer thick- _ , , , , 

. . luminescent metaborate no. 



706 


705 


704 


703 


702 


701 


700 


92 


85 












86 


93 


90 


85 










88 


93 


93 


92 


88 








85 


92 


93 


95 












86 


92 


89 












85 


95 



30 



35 



per lamp) 


708 


707 


706 


705 


704 


703 


702 


701 


700 


0.24 


86 


88 
















0.30 




94 


85 














0.36 




89 


92 


89 


87 


85 








0.42 






95 


9.4 


92 


90 


90 


88 




0.48 






90 


95 


96 


95 


95 


93 


86 


0.54 








90 


93 


95 


95 


96 


91 


0.60 










87 


91 


91 


94 


94 


0.66 












85 


86 


90 


95 


0.72 


















92 
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Table 7 

Lamps with. T = 2930 K x = 0.^39 Y = 0.**00. 
c 

With lum. materials nos« kOO and 200 
Values of R(a,8) 



layer thick— luminescent metaborate no. 

ness garnet 



10 



15 



per lamp ) 


708 


707 


706 


705 


704 


703 


702 


701 


700 


0.24 


89 


















0.30 




















O.36 




93 
















0.42 






89 


85 












0.48 






9^ 


93* 


90 


87 


86 






0.54 






86 


93 


96 


94 


93 


90 




0.60 








86 


90 


9h 


95 


96 


88 


0.66 












88 


89 


93 


93 


0.72 
















87 


95 



20 



X Relative luminous flux 66 Im/W. 

If vith the same combination of luminescent materials ( hOO , 
200 and 705)j the garnet layer is replaced by a nickel 
titanate absorption layer (thickness 0.1 15 rag/ cm ), a 
relative luminous flux of 59 lm/v and an R(a, 8) value of 
96 are found. 



25 



30 
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Table 8 . 

Lamps vith T « 2930 K x = 0.439 y = 0.400, 
c 

With lum. materials nos. 400 and 300 
5 Values or R(a,8) 

la*v*ei* tliiclc~* 

* _ . luminescent metaborate no • 

ness garnet 

(g per lamp) 708 707 706 705 704 703 702 701 700 

10 0.48 89 

0.5^ 89 92 88 

0.60 89 94 93 92 88 

0.66 85 91 93 95 

0.72 90 91 

15 



20 



25 



30 



35 
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Table 9 . 

Lamps wxtli T = 2660 K x = 0.462 y = 0.409. 
c 

Vitn lum . material s nos. 500 and 100 
Values of" R(a,8). 



luminescent metaborate 110, 



layer tlixclc— 
ness garnet 

(g per lamp) 708 707 706 705 70k 703 702 70 1 700 
0.42 95 
0.48 89 
0.54 87 
0.60 86 
0.66 90 



0.72 


91 


86 














0.78 


88 


90 


87 


85 










o.8h 




93 


90 


88 


86 


86 






0.90 




92 


93 


92 


90 


39 


87 




0.96 




89 


9k 


94 


93 


93 


91 


85 


1 .02 






90 


93 


95 


95 


9h 


88 


1 .08 






86 


90 


93 


93 


95 


91 


1.14 








85 


89 


90 


93 


93 


1 .20 












86 


89 


95 
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Table 10 

Lamps with. T =s 293O K x = O.VJ9 " y « O.UOO 
c 

With lum. materials nos.500 and 200 

Values of R(a,8) " 

laver tlxi clc^ 

J . luminescent metaborate no. 

ness garnet 

(g per lamp) 708 707 706 705 70^ 703 702 701 700 

0.30 88 
O.36 89 
0.k2 87 
0.b8 92 





0.5^ 


90 


89 


86 












15 


0.60 


85 


93' 


90 


88 


86 


86 






0.66 




92 


9h 


92 


90 


90 


88 






0.72 




88 


93 


95 


9h 


9k 


92 


86 




0.78 






89 


92 


9h 


95 


95 


90 




0.84 








87 


90 


92 


9h 


9k 


20 


0.90 










85 


87 


90 


95 


O.96 
1 .02 
1 .08 














86 


9h 
91 
87 
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Table 1 1 . 

Lamps with T = 293O K x = 0.4-39 T = 0.400. 
c 

"With lum« materials 110s. 600 and 100 
Values of R(a,8) 



layer thiclo- luminescent metaborate no. 

ness 



20 



per lamp) 


708 


707 


706 


705 


704 


703 


702 


701 


700 


0.42 


86 


















0.48 


89 


















0.54 


90 


















0.60 


87 


88 
















O.66 




91 


85 














0.72 




92 


88 


86 












0.78 




90 


91 


89 


87 


86 


95 






0.84 




87 


94 


92 


90 


89 


88 


87 




O.90 






93 


94 


93 


92 


91 


90 


86 


O.96 






90 


94 


95 


95 


94 


93 


88 


1 .02 






86 


91 


94 


95 


95 


95 


91 


1 .08 








88 


91 


93 


94 


95 


94 


1 . 14 










87 


90 


91 


93 


95 


1 .20 












86 


87 


90 


95 



25 In the following examples of lamps according to 

the invention, use vas made of luminescent materials which 
have been indicated already in Table 2 and which will be 
denoted by the number given therein. Furthermore, the 
aforementioned garnet (Y 0 Ce n Al c 0 1o ) was used as 

30 absorption means in the form of an absorption layer or mixed 
with the remaining- luminescent materials. If not stated 
otherwise, the lamps are of the type described with 
reference to Pig. 1 (36 W— type). 
Example 1 . 

35 A lamp was provided with a garnet absorption 

layer (1.8 g per lamp) on which a luminescent layer (layer 
thickness approximately 4-2 g per lamp) was disposed 
comprising a homogeneous mixture of 
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24.5 $> "by weight of no. 600 
7*3 $ "by weight of no. 100 
7*3 # "by weight of* no. 300 
60.9 i> "by weight of no. 700. 
5 The colour temperature T Q (in K) , the colour 

point (x f y), the colour rendering index R (a,8) and the 
relative luminous flux *^ (in Im/v) of the lamp were measured 

T c = 2380 K x = °-^ 86 y - 0.412 

R(a,8) = 92 ">2 = 55 lm/W. 

10 Example 2 

A lamp was provided with a garnet absorption 
layer (0.9 g per lamp) on which a luminescent layer 
(layer thickness approximately 4.2 g per lamp) was disposed 
comprising a homogeneous mixture of 
15 15*1 # "by weight of no. 400 
27.1 # "by weight of no. 200 
57.8 ?6 by weight of no. 702. 
There were measured: 

t c = 2670 K x = 0.463 y - 0.412 
20 R(a,8) = 94 ^ = 55 lm/W. 
Example 3 

A lamp was provided with a luminescent layer 
(approximately 4.3 g per lamp) of a homogeneous mixture of: 
14 ^ by weight of no. 400 
25 3 6 . 396 by weight of no. 100 
49.7# by weight of no. 703, 

to which was added 4 g of garnet (Y 2 g Ce Q 1 A1 5°12^ per 1 00 g 
of the homogeneous mixture. 
There were measured: 
30 ij» _ 2940 K x = 0.438. y = 0.399 
R(a,8) = 92 ^1 = 66 lm/V. 
Example 4 

A lamp having a length of 1 50 cm and an inner 
diameter of 26 mm suitable for operation at 58 V was 
35 provided with the same luminescent layer as described in 
Example 3 (layer thickness appraamat ely 5-4 g per lamp). 
There were measured: 

T = 3040 K x = 0.435 y = 0.405 
R^a,8) = 91 "2, - 67 lm/W. 
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Example 5 

A lamp was provided with, a luminescent . layer 
(approximately 4.3 g per lamp) of a homogeneous mixture of: 
17 i> t>y veignt of no. 400 
' 35 $ by weight of no. 100 

48 i> by weight of no, 703 
to which was added 5 g of garnet per 100 g, of the 
homogeneous mixture . 

There were measured: 
10 t c ts 3090 k x = 0.433 T = 0.407 

R(a,8) = 94 ^ = 67 lm/V. 
Example 6 

A lamp was provided with a luminescent layer 
(approximately 4.3 g per lamp) of a homogeneous mixture of 

13.3 # by weight of no. 400 

25.6 96 by weight of no. IOO 

6 1.1 # by weight of no. 703, 
to which was added 7 g of garnet per 100 g of the homo- 
geneous mixture. 

20 

There' were measured: 

T c " 2690 K x ~ °^5 8 y = °^06 

R(a,8) = 96 ^ = 61 lm/V. 

The spectral energy distribution of the emitted radiation 
of this lamp is shown in Fig. 3» this Figure, the wave- 

25 

length A. in nm is plotted on the abscissa. The emitted 
radiation energy E per wavelength interval of 5 ' nm is 
plotted on the ordinate • 
Example 7 . 

A lamp was provided with a luminescent layer 
(approximately 4.3 g per lamp ) of a homogeneous mixture of 
13.3 # by weight of no. 400 
25.6 <fc by weight of no. 100 
61.1 $, by weight of no. 703, 
^ to which was added 9 g of garnet per IOO g of the homo- 
geneous mixture. 

There were measured : 
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T s 2680 K x = 0.462 y = 0.412 
c 

R(a,8) = 95 ^ = 62 lm/W. 
Example 8 , 

A lamp was provided with a first lumine scent 
layer (approximately 1.82 g per lamp) of a homogeneous ' 
mixture of 99# by weight of no. 100 and 1# by weight 
of garnet . 

A second luminescent layer (approximately 2.06 g per lamp) 
was provided on the first layer, said second layer consist- 
ing of a homogeneous mixture of 
12.7?6 by weight of no. 400 
24. 996 by weight of no. 100 

62. 4# by weight of no. 707, to which was added 

1.5 g of garnet per 100 g of the homogeneous mixture. 

There were measured: 
T c = 2970 K x = 0.435 . y.- 0.396 

R(a,8) =93 = 68 lm/W. 

Example 9 • 

A lamp was provided with a first lumine scent 
layer (approximately 2.02 g per lamp) of a homogeneous 
mixture of 1.77 g of no. 1 OO and 0.25 g of garnet. 
A second luminescent layer (approximately 2.13 g per lamp) 
was provided on the first layer, said second layer con- 
sisting of a homogeneous mixture of 
20.5?6 by weight of no. 400 
35.596 by weight of no. 100 
44 96 by weight of no. 703. 

There were measured.: 
T c = 3004 K x = 0.434 y = 0.399 

R(a,8) = 95 ^ = 68 lm/W. 

Example 10 . 

A lamp as described in Example 9 was made, in 
which however the garnet from the first luminescent layer 
was left out and in which the mass of the first layer was 
approximately 1 . 98 g per lamp and the mass of the second 
layer was approximately 2.07 g per lamp. This lamp which 
did not contain means for absorbing blue radiation (not 
according to the invention) gave the following measuring 
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results : 

T c = 3238 K x = 0.410 y = 0.373 

R(a,8) = 92.5 \ = 65 Im/W. 

Then this lamp was provided at the outer surface of the 
envelope with a yellow— coloured polyester shrinkage 
foil (thickness approximately 50^u) , which foil was 
mainly absorbing radiation having wavelengths below 450 nm. 
In this manner provided with absorption means this lamp 
according to the invention gave the following measuring 
results : 

T c = 3016 K x = 0.442 y^O.416 

R(a,8) = 92.3 *l = 58 Im/V. 

Three lamps (Examples 11, 12 and 13) were made of the 

36W-type (Fig. 1 ) using the luminescent materials Xr . 100 , 
400 and 703 as given in table 2- Each lamp contained as 
absorption means, mixed with the remaining luminescent 
materials , a luminescent cerium activated garnet , wherein 
garnets were used having different gallium contents. 
Increasing the Ga- content in the garnet (by substitution of 
Al with Ga) has the effect of shifting the maximum 
absorption of the garnet in the blue part of the spectrum 
(400-480 nm) to shorter wavelengths . All three lamps had 
colour temperature of appr. 3000 K (x = 0.434 and y = 
0.398) . 
Example 1 1 

A lamp was provided with a luminescent layer 
(appr. 4.5 g per lamp) of a homogeneous mixture of: 
15.5% by weight of no. 400 
29.696 by weight of no. 100 
54. 9# by weight of no. 703, 

to which was added 8 g of the garnet ^ Ce 0 i^k^^lZ 

per 100 g of the homogeneous mixture. 
There were measured: R(a,8) =95 ^ = 66 Im/W. 

Example 1 2 

A lamp was provided with a luminescent layer 
(appr. 4.5 g per lamp) of a homogeneous mixture of: 
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I3.35S by weight of no. hOO 
37.594 by weight or no. 100 
49.296 by weight of no. 703, 

to which was added 6.4 g of the garnet Y^ ^Ce^ .j Al^Ga^O^ 2 
5 per 100 g of the homogeneous mixture. 

There were measured: R(a,8) = 9^ = 68 lm/W. 

Example 1 3 

A lamp was provided with a luminescent layer 
(appr. 4.5 g per lamp) of a homogeneous mixture of: 
10 13. 2# by weight of no. 400 
31- 996 by weight of no. 100 
54. 9# by weight of no. 703, 

to which was added 6.4 g of the garnet Y^ o, Ce Q i^ L 2 G " a 3°12 
per 100 g of the homogeneous mixture. 
15 There were measured: R(a,8) =95 0£ = 66 Im/W. 
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1 . A lov- pressure mercury vapour discharge lamp 

having a very satisfactory colour rendition, a colour 
temperature of the emitted white light in the range of* 
2300 to 3300 K and a colour point on or near the Planckian 
curve and provided vith. a gas-tight radiation- transparent 
envelope containing mercury and a rare gas and with, a 
luminescent layer comprising a luminescent halo phosphate 
and a luminescent material activated by "bivalent europium, 
characterized in that the luminescent layer comprises! 
a at least one luminescent alkaline earth metal 
halo phosphate activated by trivalent antimony and bivalent 
manganese and having a colour temperature of the emitted 
radiation of 2900 to 5000 K; 

b . at least one luminescent material activated by 
bivalent europium with, an emission maximum in the range of 
470 to 500 nm and a half -value width of the emission 
band of at most 90 nm, and 

<j. a luminescent rare earth metal metaborate activated 

by trivalent cerium and bivalent manganese, having a 

monoclinic crystal structure, whose fundamental lattice 

corresponds to the formula Ln(Mg, Zn, Cd)B^0 ^ Q , in which 

Ln is at least one of tne elements yttrium, lanthanum and 

gadolinium and in which, up to 20 mol.Jo of the B can be 

replaced by Al and/or Ga, which metaborate exhibits red 
2+ 

Mn emission, and in tnat the lamp is provided with 
means for absorbing at least in part blue radiation having 
wavelengths below 480 nm. 

2 . A lamp as claimed in Claim 1 , characterized in 

that the luminescent layer further contains a luminescent 

material activated by trivalent terbium (material d) , 

3-5- 

which exhibits green Tb emission. 

3 • A lamp as claimed in Claim 2 , characterized in 
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that the luminescent m taborate o is further activated 
by trivalent terbium, the me taborate <; being at the same 
time the material d, and corresponds to the formula 
(Y^^dJ^^Ce^Tb^CMg^n^di^^Mn^B^^, 
5 in which 0.01 < f < Ug 
0.01 £ 0.75 

0.01 .< h <^ 0.30 and in which up to 20 mol. # 
of the B can be replaced by Al and/or 6a 9 

h. A lamp as claimed in Claim 1, 2 or 3, charac- 

10 terized in that the means for absorbing blue radiation 
are constituted by the radiation- transparent envelope of 
the lamp. 

5. A lamp as claimed in any of Claims 1, 2 or 3, 
characterized in that the means for absorbing blue 

15 radiation are constituted by a yellow pigment. 

6. A lamp as claimed in Claim 5, characterized in 
that the pigment is mixed with the luminescent materials 
of the luminescent layer. 

7. A lamp as claimed in Claim 5 9 characterized in 

20 that the pigment is provided on the inner side of the lamp 
envelope as an absorption layer, on which the luminescent 
layer is disposed on the side facing the discharge. 

8. A lamp as claimed in any of Claims 1, 2 or 3 5 
characterized in that the means for absorbing blue 

25 radiation are constituted by a luminescent alum in at e activa- 
ted by trivalent cerium having a garnet crystal structure 

according to the formula M„ .Ce .Al Ca,Sc 0 , in which 

0 .5— k:— p k p i *i 

M is at least one of the elements yttrium, gadolinium, 
1 anthanum and 1 ut e t ium and in whi ch 
30 0.01 < 3 C 0. 15 

0 < k <: 3, 
0 $ p ^ 1 . 

9 # A lamp asclaimed in Claim 8, characterized in 

that M is yttrium and 1c — p = 0. 

35 10. A lamp as claimed in Claim 8 or 9 9 characterized 

3+ 

in that the garnet activated by Ce is mixed with the 
remaining luminescent materials of the luminescent layer. 
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15 



11. A lamp as claimed ±n Claim 8 or 9, characterized 

3+ 

in. that the garnet activated by Ce is applied on the 
inner side of the lamp envelope as an absorption layer on 
which the luminescent layer is disposed on the side facing 
the di s charge • 

12. A lamp as claimed in any one of Claims 1 to 11, 

characterized in that the material b is a luminescent 

aluminate activated by bivalent europium corresponding to 

the formula Sr., Ca Eu Al 0 „ -i „ , in which 

1-q-r q r s 1-£s + 1 * 

0 q 0.25, 
0.001<.r <^ 0.10 and 

which aluminate has its emission maximum at 485—^95 nm and 
has a half -value width of 55-75 nm. 

13 • -A- lamp as claimed in any one of Claims 1 to 11, 

characterized in that the material b is a luminescent 
aluminate activated by bivalent europium corresponding to 
the formula 

1-t-r t r s l-J-s+1 

20 in which 

0 ^ t ^ 0.25, 

0.005^r £ 0.25 and 

which aluminate has its emission maximum at 475—^-85 nm and 
25 has a half -value width of 70-90 nm, 

^km A lamp as claimed in any one of Claims 1 to 11, 

characterized in that the material b is a luminescent 
borate phosphate activated by bivalent europium corres- 
ponding to the formula mfSr, Ba Ca Eu 0) . ( 1 -n) P o 0 - . 
* ^ v 1-v— v-z vwz /v y 2 5 

30 nB^O^j in which 

o < v <; 0.5 
o < w < 0.2 

O.OOI^'z £0.15 

1 .75 < m £ 2.30 
35 0.05<L n <: 0.23, 

which borate— phosphate has its emission maximum at ^70— 48 5 
nm and has a half-value width of 80 — $0 nm. 
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